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ABSTRACT : The effect of heavy metal, arsenic on organic reserve of liver of a cat fish, Mystus vittatus at different sublethal
concentration (10%, 20% and 30%) of arsenic trioxide at  different time intervals of 10, 20 and 30 days was studied. Authors
found a decrease in pyruvic acid, nucleic acid contents and aspartate aminotransferase and alanine aminotransferase activities
and increase in the level of glucose and lactic acid in the arsenic exposed fishes. The effect was more pronounced as the
concentration of arsenic and duration of exposure period were increased. Thus, the present study concludes that the metabolism
of organic molecules present in the liver of Mystus vittatus is affected during arsenic exposure. Arsenic also reduces the
nutritive value of fish.
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INTRODUCTION
Arsenic is a major toxicant and causes severe
oxidative stress to the environment. It is present at low
concentrations everywhere such as in air, soil and water.
Inorganic arsenic of geological origin is found in
groundwater used as drinking-water in several parts of
the world. Compounds of arsenic, concentrated in the
environment, as a result of natural or anthropogenic
sources, become a major concern for environmental and
occupational health (Haque et al, 2016). Humans are
exposed to arsenic in the environment primarily through
the ingestion of food and water. High concentration of
arsenic in ground water in the north-eastern states of
India has become a major cause of concern. Arsenic is
used in various industries and agriculture and excessive
arsenic finds its way into lakes and rivers. Since arsenic
is a known human carcinogen, the epidemiological studies
are extremely important for this metal (Das et al, 2012).
Monitoring of arsenic levels and their associated
health effects in aquatic organisms may not only provide
insight into overall ecosystem health but also act as a
sentinel for potential impacts on human health. Fishes
are ideal organisms to work with in toxicogenomic studies
due to the strong power of fish models to establish
biomarkers of exposure. Since, fishes respond to toxicants
in a similar way as higher vertebrates, they can be used
to screen for chemicals that are potentially teratogenic
and carcinogenic to humans. Also, fish absorbs dissolved
or available metals and therefore can serve as indicator
of metal pollution. Fish tissues, skin, liver, muscles, kidney,
gill, brain, gastrointestinal tract and blood are commonly
involved in arsenic poisoning (Prakash and Verma, 2019a,
2019b; Verma and Prakash, 2019a, 2019b; Prakash and
Verma, 2020a, 2020b, 2020c; Verma and Prakash, 2020).
Fish liver plays an important role in uptake, accumulation,
bio-transformation and excretion of arsenic. The
objectives of this work were to examine the toxicological
effect on the liver of fish, Mystus vittatus.
MATERIALS AND METHODS
The healthy Mystus vittatus ranging from 7.0-8.0
cm in length and 8.0-9.0 g in weight were collected from
ponds in and around Balrampur and washed with 1%
solution of KMnO4 for five minute and then transferred
to the plastic jar containing 50L dechlorinated tap water
for acclimatization. Fishes were acclimated to laboratory
conditions for 15 days at room temperature. The LC50
values of arsenic trioxide for 24, 48, 72 and 96 hours
were 4.71, 4.16, 3.68 and 3.20 ppm, respectively (Prakash
and Verma, 2019a). Based on 96 LC50, fishes were
exposed to sublethal concentrations (10%, 20% and 30%)
both for treated and control period of 10, 20 and 30 days.
A control group was maintained in an identical
environment. The fishes were regularly fed with
commercial food and the medium was changed daily to
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remove faeces and food remnants.
The fishes were sacrificed from both experimental
and control groups on 10th, 20th and 30th days of exposure
periods. The liver was homogenized in chilled distilled
water, centrifuged at 1000x g for 10 minutes and the
supernatant was used for quantifying the enzymes, alanine
aminotransferase (ALT) and aspartate amino transferase
(AST) using colorimetric determination with 2, 4-
dinitrophenylhydrazine (Reitman and Frankel, 1957). The
other biochemical parameters viz, glucose, pyruvic acid,
lactic acid and nucleic acid were estimated by Mendel et
al (1954), Friedman and Hangen (1942), Huckabee (1961)
and Creiotti (1955), respectively. The data obtained from
the proximate analysis of all samples were calculated by
average value and standard deviation. The statistical
significance of difference between control and
experimental group was calculated by student’s ‘t’-test
then discussed descriptively.
RESULTS AND DISCUSSION
Liver is a major target organ of arsenic toxicity. As
the principal metabolic organ, fish liver plays a major role
in uptake, accumulation, bio-transformation and excretion
of arsenic (Pedlar and Klaverkamp, 2002).
In the present investigation, arsenic exposed fish,
Mystus vittatus showed a significant increase in glucose
and lactic acids where as decrease in pyruvic acid, nucleic
acids and enzyme activities in arsenic exposed fishes as
compared to control (Table 1). The percentage of
alteration in liver was directly proportional to the
concentration of arsenic and duration of exposure.
In the present study, glucose content was increased
in the liver of arsenic exposed Mystus vittatus. The
present finding is also supported by other scientist who
had noticed that tissue glucose was elevated with
increasing concentration and duration of heavy metal
(Kumar et al, 2019). This increased glucose level was
due to conversion of liver glycogen into glucose to meet
an increased energy requirement under stress condition
(Prakash and Verma, 2018). The decline in liver glycogen
in arsenic induced fishes supports this suggestion (Verma
and Prakash, 2019a). During stress condition, the
available glycogen was quickly exhausted to meet
increased energy demand. In order to maintain the
uninterrupted and increasing energy requirement, the
protein and triglyceride were also breakdown to supply
necessary precursor to carry on carbohydrate metabolism
by TCA pathway, to release the much needed energy
(Prakash and Verma, 2020c).
In the present study, it is clear from the data that
arsenic could significantly decrease pyruvate content
while markedly elevated lactate level in liver. The similar
results have been observed in the fishes exposed to
cadmium by Kumar et al (2019). They suggested that
heavy metal could induce hypoxia or anoxic conditions.
Prakash and Verma (2020d) reported that oxygen
consumption rate was decreased inarsenic exposed
Mystus vittatus. They also reported that this decrease
in oxygen consumption is due to disintegration of gill
epithelium. Decrease in oxygen uptake by gills can result
in oxygen debt, but also loses its effective mechanisms
for ‘histoxic anoxia’ in which gill tissue not only suffers
Table 1 : Alterations in organic reserves of  liver in arsenic induced
Mystus vittatus.
Experimental Duration
10 Days 20 Days 30 Days
Glucose (mg/dL)
Control 115.14±0.41 117.34±0.34 117.91±0.54
10% 128.25±0.22 141.24±0.65 152.27±0.65
20% 145.12 ±0.68 158.15±0.54 169.41±0.22*
30% 162.25±0.44 175.98±0.84* 188.47±0.27**
Pyruvic acid  (mg/dL)
Control 55.23±0.32 54.25±0.36 54.75±0.61
10% 51.21±0.26 45.58±0.24 39.12±0.23
20% 44.23±0.15 38.15±0.19* 31.29±0.24**
30% 37.56±0.44* 31.58±0.26* 23.54±0.42**
Lactic aids (mg/dL)
Control 0.15±0.22 0.16±0.23 0.16±0.21
10% 0.20±0.11 0.24±0.12 0.29±0.24
20% 0.27±0.14 0.33±0.15* 0.41±0.31*
30% 0.36±0.15* 0.42±0.16** 0.52±0.24**
RNA (mg/dL)
Control 4.85±0.19 4.87±0.18 4.84±0.17
10% 4.35±0.24 4.18±0.19 3.94±0.21
20% 4.07±0.32 3.77±0.25 3.51±0.41*
30% 3.49±0.28* 3.35±0.26* 3.05±0.26**
DNA (mg/dL )
Control 2.21±0.12 2.22±0.15 2.20±0.14
10% 2.00±0.15 1.92±0.26 1.80±0.15
20% 1.80±0.22 1.70±0.35 1.60±0.28*
30% 1.62±0.25* 1.50±0.36* 1.39±0.21**
Alanine aminotransferase (IU/L )
Control 27.14±1.02 27.22±1.12 27.21±1.11
10% 32.54±0.95 37.25±0.84 42.21±1.21
20% 37.35±1.02 42.56±1.11 48.25±1.14
30% 43.21±0.96 49.12±1.05 55.42±1.02
Aspartate amino transferase (IU/L)
Control 212.52±1.24 213.25±1.29 212.61±1.27
10% 253.41±1.25 282.84±1.23 322.12±1.25
20% 284.12±2.03 332.12±1.24* 376.28±1.35*
30% 325.14±1.29* 388.25±1.32** 458.24±2.02**
*Significant at P< 0.05 ;  ** significant at P< 0.01.
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from oxygen debt, but also loses its effective mechanism
for removing carbondioxide from blood. Anoxia or hypoxia
increases carbohydrate consumption and thereby induces
a sort of respiratory stress on organisms even at a
sublethal level resulting in additional expenditure of energy
(Verma and Prakash, 2019a; Prakash and Verma, 2020c).
During hypoxia or anoxic conditions, pyruvic acid was
converted into lactatic acid resulting into increased lactate
level in liver. Increased glycogen mobilization, enhanced
pyruvate conversion to lactate and inhibition of citric acid
cycle enzymes clearly suggest increased oxidation of
glucose through the anaerobic glycolytic pathway to
provide energy for the fish. This is associated with
significant reduction in the mitochondrial oxidative
metabolism due to the derangement of mitochondrial
function directly or indirectly by the arsenic pollutants.
In the present study, the nucleic acids (RNA and
DNA) contents in liver were reduced in the arsenic
exposed fish studied. The percentage of decrease
depends upon the concentrations of arsenic and duration
of exposure. Similar observations have been reported by
Singh and Prakash (2020) in sugar factory effluent
induced fish, Channa punctatus. Das et al (2012)
reported that arsenic was found to cause liver
chromosomal DNA fragmentation and cell cycle arrest
due to apoptosis death of hepatocytes of Channa
punctatus. Thus in the present study, decreased in nucleic
acids was due to damage of hepatic cells and this decrease
in nucleic acids causes reduction in protein synthesis.
Toxicants can bring about distortions in the cell
organelles of hepatocytes (Srivastava and Prakash, 2019),
which may bring about elevation or inhibition in the
activities of the enzymes. Enzyme aminotransaminases
play an important role in protein and amino acid
metabolism. There was a decrease in the activity of ALT
and AST in the arsenic exposed fishes. The obtained
results revealed that the activities of aspartate
aminotransferase and alanine aminotransferase in the liver
of Myatus vittatus were inversely proportional to the
concentration of arsenic and duration of exposure period
(Das et al, 2012). Talas et al (2012) reported that the
elevated level of arsenic concentration in aquatic
ecosystem causes oxidative stress in the liver of fish and
also affects the activities of various enzyme including
ALT and AST. Toxicants can bring about distortions in
the cell organelles, which may bring about elevation or
inhibition in the activities of the enzymes.
Thus elevation in glucose and lactic acid with decline
in pyruvic acid and nucleic acid contents in liver may be
due to the inhibition of enzymes as well as breakdown of
stored glycogen, protein and triglyceride content to meet
additional energy requirements under stress conditions.
CONCLUSION
In conclusion, this study showed that arsenic trioxide
altered the changes in glucose, pyruvic acid, lactic acid,
nucleic acids and activities of aspartate aminotransferase
and alanine aminotransferase in the liver of freshwater
catfish, Mystus vittatus by damaging hepatocytes.
Therefore, it is necessary to find strategy for the
prevention of the toxic effects of arsenic, which causes
environmental pollution and impairment of metabolic
regulation in fish and other aquatic organisms.
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